OBJECTIVES. Our aim with this study was to assist clinicians by estimating the predictive value of earlier levels of BMI status on later risk of overweight and obesity during the middle childhood and early adolescent years.
METHODS. We present growth data from the National Institute of Child Health and Human Development Study of Early Child Care and Youth Development, a longitudinal sample of 1042 healthy US children in 10 locations. Born in 1991, their growth reflects the secular trend of increasing overweight/obesity in the population. Height and weight of participating children in the study were measured at 7 time points. We examined odds ratios for overweight and obesity at age 12 years comparing the frequency with which children did versus did not reach specific BMI percentiles in the preschool-and elementary-age periods. To explore the question of whether and when earlier BMI was predictive of weight status at age 12 years, we used logistic regression to obtain the predicted probabilities of being overweight or obese (BMI Ն85%) at 12 years old on the basis of earlier BMI.
RESULTS. Persistence of obesity is apparent for both the preschool and elementary school period. Children who were ever overweight (Ͼ85th percentile), that is, Ն1 time at ages 24, 36, or 54 months during the preschool period were Ͼ5 times as likely to be overweight at age 12 years than those who were below the 85th percentile for BMI at all 3 of the preschool ages. During the elementary school period, ages 7, 9, and 11 years, the more times a child was overweight, the greater the odds of being overweight at age 12 years relative to a child who was never overweight. Sixty percent of children who were overweight at any time during the preschool period and 80% of children who were overweight at any time during the elementary period were overweight at age 12 years. Follow-up calculations showed that 2 in 5 children whose BMIs were Ն50th percentile by age 3 years were overweight at age 12 years. No children who were Ͻ50th percentile for BMI at all points during elementary school were overweight at age 12 years. Children who have higher range BMIs earlier, but not at the 85th percentile, are also more likely to be overweight at age 12 years. Even at time points before and including age 9 years, children whose BMIs are between the 75th and 85th percentile have an ϳ40% to 50% chance of being overweight at age 12 years. Children at 54 months old whose BMIs are between the 50th and 75th percentile are 4 times more likely to be overweight at age 12 years than their contemporaries who are Ͻ50th percentile, and those whose BMIs are between the 75th and 85th percentile are Ͼ6 times more likely to be overweight at age 12 years than those Ͻ50th percentile.
CONCLUSIONS. The data from this study indicate that children with BMIs Ͼ85th percentile, as well as with BMIs in the high reference range are more likely than children whose BMI is Ͻ50th percentile to continue to gain weight and reach overweight status by adolescence. Pediatricians can be confident in counseling parents to begin to address the at-risk child's eating and activity patterns rather than delaying in hopes that overweight and the patterns that support it will resolve themselves in due course. Identifying children at risk for adolescent obesity provides physicians with an opportunity for earlier intervention with the goal of limiting the progression of abnormal weight gain that results in the development of obesity-related morbidity.
T HE PREVALENCE OF childhood obesity has nearly tripled since the 1970s and is recognized as a serious public health concern. Obesity persists from childhood to adolescence and into adulthood and is a leading cause of health problems. [1] [2] [3] [4] [5] [6] Adult diseases related to obesity are now becoming more prevalent among youth. [7] [8] [9] In addition to long-term physical health risks, overweight and obese children and adolescents face significant mental health and psychosocial morbidities, 10, 11 and these are linked to concurrent health problems. 12, 13 The growing economic impact of obesity is also a concern. 14 Thus, research into overweight in childhood, with a focus on prevention, has a high priority.
Pediatricians and other health care providers seeing children are currently faced with a dilemma. Although the short-and long-range detrimental outcomes of overweight in children and adolescents are evident, no clear criteria exist for identifying who or when a child may be at risk for later obesity. Thus, physicians have neither firm guidelines to determine when and in what circumstances a given weight and height for age and weight and height for gender warrants preventive or remedial intervention, nor can they be certain that the results of intervention in the form of improved BMI (weight in relation to height, age, and gender) has actually reduced later risk. 4, 15 As a result, pediatricians may be inclined not to pursue growth indicators of obesity or overweight status, at least in part because anecdotal experience and uncertainty regarding effectiveness may suggest that watchful waiting is a more prudent course of action. 16 It is increasingly important to examine longitudinal growth data to identify early stages in the pathway to obesity to understand when to apply successful and costeffective clinical and population-based interventions as they are developed. In this report, we seek clues as to the patterns of growth in early childhood that place children at risk for later overweight and obesity. The findings presented here are based on longitudinal growth data collected on the same children growing up during the era when obesity and overweight have been on the rise.
Few longitudinal studies on US children exist from which to estimate the predictive value of earlier levels of BMI status on later risk of overweight during the middle childhood and early adolescent years. It is critical to identify early BMI predictors of later obesity to identify those at risk for overweight and the potential deleterious health consequences of overweight. The well-known Centers for Disease Control and Prevention (CDC) crosssectional data tracking BMI from birth through adolescence were deliberately based on information collected before the emergence of the "obesity epidemic," (ie, data collected before 1980) to highlight the incidence of increasing overweight/obesity. 14 Standards of practice now reflect Institute of Medicine definitions of "overweight" (ie, BMI percentile for age and gender from the 85th to 95th percentile) and "obese" (ie, BMI Ն95th percentile for age and gender). [17] [18] [19] However, a recent report 20 indicated that merely being in the upper half of the normal weight range (up to the 84th percentile) was a good predictor of becoming overweight or hypertensive as a young adult, suggesting that levels of BMI Ͻ85th percentile may hold clinical or preventive significance.
Many studies suggest a strong relationship between weight status in childhood and eventual adult obesity, 5, 6, 8, [20] [21] [22] but many are based on cross-sectional data or have relatively long periods of time between measurements. It is clear from previous studies that obesity in adolescence is highly predictive of obesity in adulthood. Therefore, an important next step is to identify those children at greatest risk of obesity in adolescence to intervene before chronic overweight is established. The goal of the present study is to begin the process of developing guidelines for preventive intervention by examining the relation of BMI percentiles in early and middle childhood to overweight and obesity in adolescence.
This study presents growth data from the National Institute of Child Health and Human Development (NICHD) Study of Early Child Care and Youth Development, a longitudinal sample of healthy US children in 10 locations. 23 This sample is particularly appropriate for an examination of growth. Because these children were born in 1991, their growth reflects the secular trend of increasing overweight/obesity in the population. Second, the sample has been followed over an extended period of time, yet measurements were collected fairly frequently. Height and weight of participating children in the study were measured at 7 time points: 24, 36, and 54 months and 7, 9, 11, and 12 years. Our aim with this study was to assist clinicians in identifying children, on the basis of growth of BMI, for whom intervention to control weight gain may be indicated by determining the risk of overweight and obesity at age 12 years on the basis of BMI status at earlier ages.
METHODS

Sample
Participants for the study were recruited in 1991 from designated hospitals at 10 data collection sites: Little Rock, AR; Irvine, CA; Lawrence, KS; Boston, MA; Philadelphia and Pittsburgh, PA; Charlottesville, VA; Seattle, WA; Hickory and Morganton, NC; and Madison, WI. A total of 1364 families with healthy newborns were enrolled. Multiple births and infants who remained in the hospital Ͼ7 days or had known medical complications were excluded. Recruitment and selection procedures are described in detail in several publications 23 and on the study Web site (http://secc.rti.org). Of the initial pool of 3015 eligible mothers contacted at 2 weeks for participation, 1364 (45%) completed the 1-month home visit and became study participants. These 1364 families were very similar to the eligible hospital sample on major demographic characteristics (years of maternal education, ethnicity, and presence of partner in home). The resulting sample was diverse, including 24% ethnic minority children, 11% mothers who had not completed high school, and 14% single-parent mothers. Mothers had an average of 14.4 years of education, and 51.7% of the children were boys (percentages not mutually exclusive). Eligibility requirements specified that mothers be Ն18 years of age, be English speaking, plan to be in the geographic area for the next 3 years, and not have known or acknowledged substance abuse and that infants not be hospitalized at birth for Ͼ7 days and not have any obvious disabilities. This had the effect of screening out very low birth weight, severely premature, or sick infants from the study.
After 13 years of study, 1042 (76.4%) of the children have been retained in the sample. For some of the analyses reported here, the sample was limited to the 555 children for whom all 7 of the BMI measurement points were complete between ages 2 and 12 years. This subsample with complete data was composed of 54.2% girls and 20.7% minorities. Mothers had a mean of 14.5 years (SD: 2.4) of education at the time of the child's birth. Family income was indexed by an income/needs ratio, calculated as total family income divided by the poverty level for that family's size; at age 12, 20.7% of the families were low income (income/needs ratios of Ͻ2.0), 48.0% were middle income (2.0 -5.0), and 31.3% were high income (Ͼ5.0). This sample was more likely to be female ( 2 [1, N ϭ 1364] ϭ 13.1; P Ͻ .0003), white ( 2 [1, N ϭ 1364] ϭ 5.5; P Ͻ .02), and to have mothers with more education (t [1254] ϭ Ϫ3.9; P Ͻ .0001), than those who were missing Ն1 BMI measurement (n ϭ 809). There was no difference between those in/out of the complete sample in risk of obesity at age 12 years.
Measurement of Height and Weight
Standardized procedures were used to measure height and weight at 24, 36, and 54 months and at 7, 9, 11, and 12 years. Height was measured with children standing with shoes off, feet together, and their backs to a calibrated 7-foot measuring stick fastened to a wall. Children were asked to stand straight and tall while a research assistant lowered a level T-square to rest on the top of the child's head to read the height value. Height was measured to the nearest 0.125 in (0.32 cm) and recorded 2 times. If the first 2 height measures differed by Ͼ0.25 in (0.64 cm), 2 more height measurements were taken. Weight was measured using a physician's 2-beam scale. Scales were calibrated monthly using certified calibration weights. Weight was measured with children in minimal clothing (ie, no shoes, no outer layers of clothing, and no other items that could add weight such as belts, keys, or watches). As with height, weight was measured twice, each time to the nearest 0.25 lb (0.1 kg). If the 2 weight measurements differed by Ͼ4 oz, 2 more measurements were taken.
BMI was calculated by converting height from inches to meters and weight from pounds to kilograms and then dividing weight by height squared. Because of sample size, in most of our analyses we use the overweight category of Ն85th percentile. We also conducted some analyses using the obese category of over the 95th percentile; in all cases, the results were similar.
Quality-Assurance Checks
Quality-assurance checks used by the CDC to determine the acceptability/reliability of height and weight data were applied to the data from the NICHD data set. Following criteria used in the Pediatric Nutrition Surveillance System (PedNSS) study (www.cdc.gov/pednss/ pop-ups/biv_pednss.htm), heights that corresponded with the 2000 CDC height-for-age z scores that were less than Ϫ5 or Ͼ3, weights that corresponded with the 2000 CDC weight-for-age z scores that were less than Ϫ5 or Ͼ5, and BMIs that corresponded with the 2000 BMIfor-age z scores that were less than Ϫ4 or Ͼ5 were deleted as biologically implausible. In addition, logically implausible values, such as children becoming shorter over time, were also deleted. All in all, the data were extremely clean; only 27 biologically implausible values and 26 logically implausible values of Ͼ6800 height or weight measurements had to be excluded from the analysis.
Statistical Methods
Calculation of odds ratios (ORs) of being overweight at age 12 years based on various levels of BMI at previous ages was conducted. Logistic regressions were used to determine the risk of becoming overweight or obese at age 12 from the number of times a child was overweight during the preschool and school age periods. Finally, the impact of being in a specific range of BMI percentiles across the preschool and school age periods on eventual overweight status at age 12 years was determined.
RESULTS
The mean weight, height, and BMI of boys and girls in the NICHD study cohort, including all of those on whom any data are available, are shown in Table 1 along with the percentage of children whose BMIs were between the CDC 85th and 95th percentiles and above the 95th percentile. Gender did not differentiate between obese and nonobese at age 12 in this sample. When examined separately, white versus nonwhite and maternal education are both related to the presence of obesity at age 12 years. When examined together, only maternal education is associated with obesity at age 12 years.
Our first set of analyses examined ORs for overweight and obese at age 12 years based on the frequency with which children attained versus did not attain specific BMI levels in the preschool and elementary age periods. For these analyses, only those children with complete data at all 7 time points (n ϭ 555) were included. Initially, children's weight status at each age was defined as normal (BMI percentile Ͻ85) versus overweight and obese (BMI percentile Ն85). The number of times a child was over the 85th percentile during the preschool period (from 0 to 3 times at 24, 36, and 54 months) and elementary school period (from 0 to 3 times at 7, 9, and 11 years) was then calculated. A logistic regression was run, using weight status at age 12 years as the dependent variable and the number of times overweight during each earlier period as the independent variable. ORs were calculated, comparing the likelihood of being overweight in children who experienced 1, 2, or 3 earlier overweight periods to children who experienced no earlier overweight periods. We also calculated the ORs comparing the likelihood of being overweight at age 12 years in children who were overweight at any of the time points within each age period to children who experienced no overweight periods. To determine whether a lower threshold of BMI suggests later risk, ORs were also calculated using a BMI Ն50% in the preschool and elementary school periods. ORs were calculated separately by gender (N ϭ 254 boys and 301 girls). Because the total number of children from ethnic minority families was only 113, we could not conduct separate analyses by ethnicity.
Results are shown in Table 2 . The table indicates the ORs and 95% confidence intervals (CIs) for the sample as a whole and for boys and girls separately. All of the reported ORs are significant at P Ͻ .05, as indicated by 1.0 not being included in the CI. No significant gender differences were found. Across the entire sample, persistence of obesity is apparent for both the preschool and elementary school period. Children who were ever overweight (ie, Ն1 time) during the preschool period were Ͼ5 times as likely to be overweight at age 12 than those who were Ͻ85th percentile for BMI at all 3 of the preschool ages. During the elementary school period, the more times a child was overweight, the greater the at Univ of California on March 3, 2012 pediatrics.aappublications.org Downloaded from odds of being overweight at age 12 years relative to a child who was never overweight (ie, 1 time ϭ 25 times more likely, 2 times ϭ 159 times more likely, and 3 times ϭ 374 times more likely). Follow-up calculations showed that 60% of children who were overweight at any time during the preschool period and 80% of children who were overweight at any time during the elementary period were overweight at age 12. These results suggest that any time a child reaches the 85th percentile for BMI may be an appropriate time for intervention. Interestingly, the analyses using BMI Ն50% indicated a sixfold increase in the likelihood of later overweight among preschoolers who reached the 50th percentile when compared with children who never reached the BMI 50th percentile during that period. Follow-up calculations showed that 2 in 5 children whose BMIs were Ն50th percentile by age 3 years were overweight at age 12 years. No children who were Ͻ50th percentile for BMI at all points during elementary school were overweight at age 12 years; thus, ORs could not be calculated for the elementary school period.
To explore in more detail the question of whether and when earlier BMI was predictive of weight status at age 12 years, we used logistic regression to obtain the predicted probabilities of being overweight/obese (BMI Ն85%) at 12 years old on the basis of earlier BMI. As before, children's weight status at age 12 years was defined as normal (BMI percentile Ͻ85%) or overweight/obese (BMI percentile Ն85%). At each age before 12 years, BMI was categorized into 20 equally spaced groups (ie, 0% to Ͻ5%, 5% to Ͻ10%, 10% to Ͻ15%, etc). Separate logistic regressions were conducted for each previous age using children's weight status at age 12 years as the outcome and the categorized BMI percentile rankings from the earlier age as predictors. 24 All of the children with data at 12 years old and the specific previous age to be analyzed were included in these regression analyses (24 months: n ϭ 725; 36 months: n ϭ 810; 54 months: n ϭ 828; 7 years: n ϭ 826; 9 years: n ϭ 818; and 11 years: n ϭ 833). Gender differences and interactions with gender were also tested, and none was significant.
The results are shown in Fig 1. Patterns for boys and girls were similar, and, therefore, only the graph for the total sample is shown. Again, as expected, tracking of overweight status becomes more evident as children age. In addition, the results indicate that children who have higher BMIs earlier are more likely to be overweight at age 12 years. Even at time points before and including age 9, children whose BMIs are between the 75th and 85th percentile have approximately a 40% to 50% chance of being overweight at age 12 years. Similar results were obtained when examining the subsample that had complete data across all of the time points and when the outcome was examined in terms of BMI Ͼ95% at age 12 years.
Following up on these analyses, we calculated the ORs of having a BMI Ն85% at age 12 years for children who fell within particular BMI categories (50% to Ͻ75%, 75% to Ͻ85%, 85% to Ͻ95%, and Ն95%) at each of the previous measurement points versus children who fell into lower BMI categories. These analyses included only those children with complete data (n ϭ 555). Analyses examining gender differences and interactions with gender were conducted, and the patterns were similar; only data for the full sample are shown. Table 3 presents the results of these analyses with ORs. Each set of columns shows the ORs and 95% CIs of being overweight at age 12 years for children within a specific BMI category at each age versus children with lower BMIs. Thus, children at 54 months old whose BMIs are between the 50th and 75th percentile are 4 times more likely to be overweight at age 12 years than their contemporaries who are Ͻ50th percentile, and those whose BMIs are between the 75th and 85th percentile are Ͼ6 times more likely to be overweight at age 12 years than those Ͻ50th percentile. As expected, ORs are highest when the previous measurement is closest to the out- come age of 12 years. Even for children between ages 3 and 7 years, however, later overweight is at least 3 to 10 times more likely for children in the 75th percentile than for those with BMIs Ͻ50th percentile.
DISCUSSION
For this sample of children who are growing up during a period of increasing obesity prevalence, it is clear that the longer a child remained in the lower range of normal BMI, the less likelihood there was that the child would become overweight by early adolescence. The more times a child entered a BMI category over the 85th percentile, the greater the likelihood that the child remained overweight. This first becomes evident during the preschool years and is reinforced and strengthened during the school-age years. The data also suggest information regarding the level of BMI that might warrant clinical attention with regard to initiating preventive intervention efforts to reduce or control children's weight gain. On the basis of these contemporary longitudinal data, it seems that children Ն75th percentile for BMI at any previous age have a detectable increase in risk of being overweight according to CDC criteria by 12 years old. Furthermore, the data indicate that preschool age children whose BMIs are Ͼ50th percentile are considerably more likely than those who stay below this point to become overweight by age 12 years. These findings suggest that parents and health care providers may want to be even more vigilant than currently recommended in recognizing early signs of being on the path to overweight. Pediatricians will also have other data available to them, which were not accounted for in these analyses, such as growth patterns before 2 years old, ethnicity, parental and sibling weight status, and family and environmental factors that might be linked to child overweight. Discussion of these issues with parents in terms of healthy growth and prevention of eventual overweight, with avoidance of "labeling" a child, is important.
Although this report includes participants from many different locations around the United States, it is difficult to extrapolate these findings to the entire population of US children, given our relatively small sample size. Compared with the US total population, the NICHD Study of Early Child Care and Youth Development sample contains a higher percentage of economically well-off families and a lower percentage of nonwhites. Thus, our findings may underestimate the overall progression of overweight and obesity among US children. Some other limitations of the analyses presented here must be noted. We do not have measures of parental weight status, which would have allowed us to relate this variable to predicted outcomes. 5 Neither do we have an independent measure of body fat, such as skinfolds or waist circumference, across all of the periods of measurement. Nevertheless, we do have acceptably reliable measurement of a recognized surrogate indicator, BMI, measured repeatedly from age 2 years to early adolescence. In this report, we can provide only a description of the relation of BMI in early childhood to overweight status in early adolescence. The reasons that some children continue to gain weight and become obese, whereas others maintain healthy weights within the midrange of BMI, remain to be examined. Additional research to identify familial, psychosocial, and health-related correlates of weight status in childhood and adolescence is clearly needed.
Debate continues among pediatricians around several critical issues: the relationship of early weight gain to immediate demonstrable morbidity and to later manifestations of disease 25, 26 ; the lack of demonstrated effectiveness of clinical interventions with some evidence of effective population-based interventions; and the potential benefits and costs of routine screening. 27, 28 Nevertheless, there is good evidence that absence of overweight is a positive health goal for most individuals and that efforts to reduce overweight need to begin in childhood. 8, 16, 19, [29] [30] [31] A minimal intervention approach that promotes healthful eating and activity behaviors, both on an individual and population basis, seems logical, because the data from this study indicate that children with BMIs in the high reference range are more likely than children whose weight is below the 50th percentile to continue to gain weight and reach overweight status by adolescence. On the basis of the growth data reported here, it would seem that pediatricians can be confident in counseling parents to begin to address the at-risk child's eating and activity patterns, rather than delaying in hopes that overweight and the patterns that support it will resolve themselves in due course. Identifying children at risk for adolescent obesity provides physicians with an opportunity for earlier intervention with the goal of limiting the progression of abnormal weight gain that results in the development of obesity-related morbidity.
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